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This invention relates to a method and ap 
paratus for determining elevations of a terrain 
and more particularly, but not by way of limita 
tion, to a combination topographic camera and 
bearing indicator. 
The invention is applicable for a wide field 

of uses where it is desirable to expediously and 
efficiently determine elevation contours for topo 
graphic maps adapted for use in geophysical, 
Seismographic, and other similar types of survey 
ing Work. 
The present invention more or less obviates 

the old method of determining elevations in a 
terrain. Such as surveying the terrain with a 
transit, chain and rod for a particular traverse. 
The present apparatus and method photo 

graphs the variable elevations directly onto the 
film in a Series of shots simultaneous with the 
bearing direction indications after which the film 
With the plurality of shots is developed and the 
readings indicated on the film are computed to 
provide the elevation of the terrain in feet, or 
like units of measure. 

It is an important object of this invention to 
positively indicate the elevations of a terrain 
during a traverse survey and particularly to 
eliminate, the error of the human element nor 
mally involved in Such surveying practice. 
A further object of this invention is to indicate 

variable elevations of a terrain during a traverse 
Survey wherein a permanent record is provided 
and accurate determination can be computed 
therefrom. 
And still another object of this invention is to 

provide a topographic camera of simple and prac 
tical construction. whereby a photographic print 
or record may be easily and quickly obtained in 
Order to determine the elevation of the terrain. 
And still another object of this invention is to 

provide an apparatus of the above character 
which may be conveniently operated, is of light 
and compact construction, durable and may be 
inexpensively manufactured and economical to 
Operate. 
A further object of this invention is to im 

prove the method of taking elevations of a ter 
rain, and particularly to increase the speed and 
accuracy of the field operations, wherein the 
accuracy is obtained by reducing the possibility 
of error to a minimum by the elimination of 
various readings, such as: rod readings, stadia. 
distance, vertical angle, and horizontal angle or 
directional Scale readings, normally required in 
other Surveying methods. The elimination of 
these various readings from field notes at each 
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2. 
setup provides a corresponding saving in time. 
And still another object of this invention is to 

provide a topographic camera to provide positive 
indications of terrain elevation wherein a per 
manent photographic record is obtained in each 
photographic shot, thereby eliminating any full 
ture field re-runs when future reference data is 
required. 
And still another object of this invention is to 

provide a topographic camera for determining. 
elevation contours, which is simple in Operation, 
capable of easy and quick apprehension, thereby 
eliminating considerable instruction time nor 
mally required in other Surveying instruments. 
Other objects and advantages of the invention 

will be evident from the following detailed de 
scription, read in conjunction with the accom 
panying drawings, which illustrate my invention. 
In the drawings: 
Figure i is a plan view of the apparatus. 
Figure 2 is a side elevation of the topographic 

Caea. 
Figure 3 is a rear view of the camera shown in 

Figure 2 with certain parts omitted for clarity. 
Figure 4 is a front or plan view of a frag 

- mentary portion of the film after a shot has. 
been taken. . 

Figure 5 is a fragmentary plan view of the 
camera, Support plate showing the magnetic 
compass and the windoW indicator of the compaSS 
card for the bearing indications. 

Referring to the drawings in detail, and more 
particularly to FigureS 1 to 4 inclusive, ref 
erence character 2 designates the topographic 
camera generally which is; adapted to be sup 
ported by a pair of angular Spaced brackets 4 
in turn Supported on a circular plate 6 mounted 
on a horizontally disposed flange 8 carried by 
the leveling head 0, adapted to be mounted on 
the usual tripod members (not shown). The 
camera body f2 is disposed on the solid portion 

of the bracketS 4, and is provided with a hori 
ZOntally disposed tube or telephoto lens 6. A 
vertically disposed sight member 8 extends from 
the upper portion of the body. 2 of the camera, 
and cooperates with the telephoto lens in any 
Suitable. manner, such as a reflecting mirror or 
the like (not shown). The camera 2 is provided 
with a rear lens housing 20: in which is em 
bodied a conventional camera mechanism of any 
Suitable type (not shown). The housing 20 con 
tains a roll member 22 for manually moving the 
film 24, a portion of which is shown in Figure 4. 
The film 24 is manually rotated in the camera, 
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in the usual manner. A scale 26 is disposed in 
the focal plane of the camera in fixed relation 
With the housing and film. The Scale comprises 
a glass slide upon which is disposed a mil Scale 
28 shown photographed on the film 24 in Fig 
ure 4, for indicating on the film particular ver 
tical distances in millimeters, as will be herein 
after set forth. The glass scale is preferably 
held in the casing by any suitable holder or 
bracket member (not shown), and the slide is 
preferably, but not limited thereto, disposed 
about .002 of an inch in front of the film, as 
shown in Figure 2. 

Referring to Figure 5, the sectional Support 
plate 6 is provided with a magnetic compass 39 
pivoted at 32 and disposed on the under side of 
lid 33 of the plate 6. A circular shaped compaSS 
card 34 is encased in the sectional plate 6 under 
the lid, and is connected with the rotatable pivot 
shaft 32 of the compass 39. The card 34 is pro 
vided with a plurality of bearing indications 36 
designating degrees, minutes and seconds in the 
usual manner. The connection between the 
compass 3 and the compass card 34 is such that 
When the compass rotates to indicate a bearing 
indication, the card 34 rotates simultaneously to 
bring the bearing indications 36 in display With 
a Window 38 provided in the lid 33 of the Sec 
tional plate 6. The window 38 is provided with 
an index line (33 in order that the bearing indica 
tions 38 can be read directly from the compaSS 
card through the window 38. 
From Figures 1 and 3, it will be noted that the 

camera, 2 is provided with a Small prism, 42 Co 
operating with a lens A4 mounted in the camera, 
body 2 which in turn cooperates with a prism 
46. The prism 46 is disposed in the camera body 
2 in alignment with a vertical tube or sight 8 

extending downwardly from the housing 2, and 
disposed directly above in vertical alignment With 
the Window 38 of the compass card 34. From the 
above it will be apparent that the camera func 
tions to take a horizontal shot or picture in the 
direction determined by the telephoto lens 6, 
and simultaneously photographs the bearing in 
dications 38 of the compass card 3 indicated at 
the Window 38. This simultaneous exposure or 
photograph is accomplished through the tube 48, 
prism . 26, lens 4 and prism, 32 focused onto 
the Camera film. 
In Figure 4, a fragmentary portion of the 

photographed and developed film is shown slight 
ly enlarged, and from which it will be noted that 
the mill scale, as indicated at 28, is portrayed 
thereon, along with the bearing indications 36 
immediately adjacent the vertical plane of the 
nil Scale 28. 
In order to positively indicate the elevations 

of the terrain, and particularly during a traverse 
survey, a vertical upstanding rod 49, as indicated 
on the developed film 24, is utilized. The rod is 
provided with a plurality of vertically Spaced 
target members indicated on the developed film 
24 as 53 and 52. The rod 49 is any Suitable Stand 
ard, and is provided with the upper target 50 in 
vertical spaced relation with the lower target 52, 
and at a fixed distance therebetween. In prac 
tice it has been found that certain materials 
photograph better than others, especially in rela 
tionship with the Sun, and it is preferable, but 
not limited thereto, that the targets be composed 
of a translucent opal plastic, Such as any plastic 
or Plexigas having a milky White finish in order 
to provide a clear exposure on the film. 
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Operation 

In order to photograph the elevations of a ter 
rain, the rod 49 with the upper and lower targets 
at pre-determined spaced distances between 
them, is photographed by the camera. The rod 
may be disposed at any One of variable distances 
from the camera. In taking the photographic 
shot, the camera is provided with a level bubble 
54 in Figure 1 in order to assure that the camera 
is alwayS disposed at a Substantial level position 
during the photographing of the target men 
bers. The operator sights through the tube 8 
to bring the rod 39 in line of sight with the tube 
6 thereby photographing a shot at the rodman 
and providing a complete picture of the rod from 
the top target 50, the lower target 52 and in some 
instances the horizontal line of the terrain indi 
cated at 56 on the exposed film 24 in Figure 4. 
Simultaneous with the taking a shot of the tar 
gets on the rod 69, the bearing indication from 
the Window 38 is also photographed on the film, 
as shown in Figure 4. Upon taking the photo 
graphic shot the distance from the Zero point 
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the instrument 2, to that of the top target 59 is 
taken, and indicated on the film 24 by the mil 
Scale 28 in millimeters. Furthermore, the fixed 
distance between the targets 50 and 52 as relates 
to the mill scale 28 will vary with the distance 
that the rod 49 is from the camera, 2. It will be 
apparent that the greater the distance the rod 
is a Way from the Camera, the Smaller the inter 
cept distance between the targets 5) and 52, 
as indicated on the mill scale 28, and conversely 
the Shorter distance between the rod 49 and the 
camera, the larger the intercept distance will 
be shown photographed on the film 24. As a 
practical example, if the fixed distance between 
the targets 50 and 52 is 8 feet, and the distance 
from the rod to the camera is approximately 
1,000 feet, then the intercept distance between 
the targets will be disclosed on the film as ap 
proximately 3.20 millimeters measured from the 
nil Scale, While on the other hand, if the targets 
and rod 49 are Substantially closer to the camera, 
approximately 200 feet, the intercept distance be 
tween the targets as indicated on the mill scale 
may be increased to 16.00 millimeters. It will 
thus be apparent that the intercept distance as 
indicated on the film 24 in millimeters is variable 
dependent upon the distance of the target from 
the camera. In order to take a traverse survey, 
the operator for the topographic camera will 
take shots on a one-half traverse. For ex 
ample, he will take a back shot at a certain 
distance from the target. The rodman or tar 
getman Will then move around the same dis 
tance in front of the camera, so that the instru 
ment man may take a front shot. The instru 
ment Operator then moves the topographic cam 
era, twice the distance from the rodman in order 
to repeat the operation. As a practical example, 
the instrument operator on a one-half traverse 
Will take a back shot at one-quarter of a mile 
at the target. The rodman or target man will 
then move one-half a mile in order to allow the 
instrument man to take a one-quarter front 
shot. The instrument or camera operator than : 
moves one-half mile forward relative to the rod 
man and takes a back shot of one-quarter mile 

This Operation can be continued until 
the complete contour or terrain of the traverse 
desired is photographed and a complete traverse 
is made. It Will be apparent that the film 24 is 
rotated manually in the camera 2 after each shot. 
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is taken in order to provide a different exposure 
for each shot. 

After any complete or desired traverse is photo 
graphed, the film 24 is developed and the various 
shots of the traverse are examined under a micro 
Scope, or the negatives may be enlarged in Order 
that computation may be made direct therefrom, 
and thus obtain accurate knowledge of the eleva 
tion for a particular terrain. An important fea 
ture of the present invention is that the topo 
graphic camera is always maintained and Set 
for a level position with the horizontal by the 
level bubble 54 during all photographic shots. 
The camera, never takes any vertical angle shots, 
such as is in a transit survey, or in the ordinary 
conventional type of Survey. The lens in the 
camera 2 may be Variable, but is preferably fixed 
to allow for a plus or minus five degrees variation 
in vertical angles, thereby assuring a ten degree 
differential in the vertical angle range. This is 
important irrespective of whether the terrain is 
hilly or level since the topographic camera is 
Set for a level shot and the lens in the camera, 
always photographs onto the film within a 10 
degree vertical range. It has been found in prac 
tice that this is a Sufficient Vertical angle range 
for normal work at all times. The present in 
Strument photographs the various elevations di 
rectly to the film 24, Simultaneous with the bear 
ing direction indications. The film may be de 
Veloped and computed to give you the elevation 
of the film in feet. The mill Scale indicating 
millimeters on the film is preferably utilized for 
convenience With the film rather than feet. 

After the film is developed, the computator 
takes the readings from the film to determine 
the intercept distance between the targets 56 and 
52 as well as the distance between the top target 
50 and the Zero nil Scale line which is always 
disclosed on the film. With these known fac 
tOrS in millimeters, the intercept distance be 
tween the targetS 5 and 52 as indicated on the 
mill Scale 28 of the film 24 is divided into the 
elevation distance between the top target 50 and 
the Zero mill scale line. The above quotient as 
indicated by the fixed intercept distance between 
the targetS. divided into the elevation distance 
betWeen the top target and the Zero nil Scale 
line is then multiplied by the fixed distance orig 
inally between the two targets 50 and 52 in feet 
on the rod is which will provide the difference. 
in elevation where the camera is set up to take 
the shot, and the disposition of the rod 49. 
Simultaneous with the determination of this 
elevation, the directional bearing of that partic 
ular shot is also photographed on the film. 

It Will be apparent that in Some instances, 
particularly hilly country, it may be desirous to 
utilize a third target disposed midway between 
targets 50 and 52 in addition to the original two 
targets, particularly Where the bottom target 
cannot be normally Seen in taking the shot. In 
Such instances, the measurement is photographed 
between the middle target (not ShoWn) and the 
top target. In using a third target it is prefer 
able to paint or construct it of Some different 
design, so that it can be readily apparent that 
it is the third target, and is disposed at the half 
way point between the tWO Original targetS, 
thereby indicating to the operator that he is 
Only shooting a one-half intercept distance. 
However, it will be apparent that it is necessary 
for any photographic shot to be able to sight 
at least two targets or a single target having 
spaced indications, thereon for a distance con 
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6. 
putation and determination of the elevation at 
that point. However, in normal level terrains it 
is. Only necessary to utilize.the upper and lower. 
target wherein the indication is made: between 
the top and bottom targets. 
The developed film will give. all the informa 

tion needed to determine the elevation at each 
Station Set-up where a shot is, taken. The ver 
tical angle range that can be accommodated by. 
the instrument, and when in a level position is: 
determined by the focal length of the telephoto: 
lens. 6 used with the camera. 2. In computing: 
the elevation differences, the following equation: 
is used: 

Elevation Difference=H/iXR 
'H' is the interval or distance measured on the 
film from the Zero or instrument level line: to: 
the top target on the rod 49. 'i' is the intercept 
distance or interval intercepted on the film-be-, 
tWeen the fixed targets and is a function of the 
distance for the given lens and target spacing. 
'R' is the actual or fixed target interval meas 
ured between the targets on the rod- itself, and: 
is usually in feet, and is the conversion con 
Stant. If 'H' and 'i' are in millimeters. and 
'R' is in-feet, then the elevation difference will 
be in feet. 
In Order to compute the distance from the . 

Camera. Or instrument to the position of the rod, 
the following equation is used: 

Wilre "D' is the distance between the camera, 
and the position of the rod, 'if' is the focal 
length of the lens utilized with the camera, and 
is in the same unit of measure as that of “i.’ 
'i' and 'R' are the same as set forth supra. 
A housing 60 is secured to the lid 33 and con 

tains note paper 62 which is adapted to roll 
through a guide bracket 64 having a window 66. 
Any notes desired may be written on the paper 
62, and as noted in Figure 3, the window 66 is in 
partial alignment with the tube 48, whereby any 
Written notes will photograph on the film 24 ad 
jacent the bearing reading as shown at 70. 
From the foregoing it will be apparent that 

the present invention contemplates an apparatus 
and method of Surveying elevational terrains for 
any type of contour wherein spaced targets at 
any variable distance from the camera are photo 
graphed relative to a simultaneous photograph 
ing of the Spaced distance from the target image 
and the height of instrument line. The photo 
graphing of the targets provides the intercept 
interval, preferably but not limited thereto in 
millimeters as units of measure in order to pro 
Wide a basis for computation of the elevation rela 
tive to a known fixed distance provided by the 
targets. Simultaneous with the photographing of 
the above intercept intervals the topographic 
camera, also photographs the bearing indications 
of the particular set up or position of the targets. 
Furthermore, the present invention contemplates: 
a method and apparatus of determining eleva 
tions in a terrain which saves considerable time: 
and is efficient and accurate, and more particu 
larly, is an innovation over the present day: 
methods of Surveying. 
Changes may be made in the specification and 

drawings without departing from the spirit of 
the invention within the scope of the following 
claims, as set forth. 
What I claim is: 
1. In a combination apparatus, comprising: a. 
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photographic camera and a bearing compass 
thereWith, a sighting lens for the camera, means 
for leveling the lens in a substantially horizontal 
plane, said lens adapted to sight a pair of distant 
targets disposed in known positions on a rod of 
known length and having a known vertical in 
terval therebetween, a scale having units of 
measure thereon provided in the camera, and 
in alignment with the lens, said scale indicating 
On the photographed film the intercept interval 
between the targets relative to the distant posi 
tion thereof, said scale simultaneously indicating 
on the film the intercept interval between a hori 
ZOntal plane parallel With the line of sight of 
the camera, and the uppermost target, a compaSS 
card connected with the bearing compass, and 
means for simultaneously indicating on the film 
the bearing indications from the compaSS card. 

2. In a combination apparatus comprising a 
camera and a bearing compaSS, a Sighting lens 
for the camera, means for leveling the lens in a 
Substantially horizontal plane, Said lens adapted 
to Sight a pair of distant targetS disposed in 
known positions on a rod of knoWn length and 
having a known vertical interval therebetween, 
a Scale having millingleter indications of neaSure 
thereon provided in the carinera, and in alignment 
With the lens, said scale indicating on the film 
the intercept interval between the targets rela 
tive to the distant position from the camera, Said 
Scale simultaneously indicating on the film the 
intercept heighth intervai between a plane paral 
lel. With the optical center of the sighting lens 
and the uppermost target, a compaSS card con 
nected With the bearing (Opa SS and adapted to 
pivot thereWith, and prism and lens means for 
simultaneously indicating on the film the bearing 
indications of the compass card for the distant 
position of the targets. . . 

3. In combination with a camera, for photo 
graphing elevations, a bearing COmpa SS and a 
supporting plate therefor, a sighting lens for the 
camera, adapted to sight a pair of distant targetS 
disposed in known positions on a rod of known 
length and having a known vertical interval 
therebetween, a measuring Scale provided in the 
camera and in alignment with the lens, said scale 
indicating on the photographed film the intercept 
distant between the targets relative to the distant. 
position from the camera, said Scale simultane- : 
ously indicating on the film the intercept heighth 
interval between a plane parallel with the line of 
sight of the camera and the uppermost target, a 
compass card provided in the plate and connected 
with the bearing compass for simultaneous move 
ment therewith, a window in the plate disclosing 
the bearing indications of the compaSS card, and 
means for simultaneously indicating on the film 
the bearing indications disclosed in the window 
for the target position. 

4. A method for determining the variations in 
elevation of a traverse terrain which consists of 
photographing from a Substantially horizontal 
plane the visual intercept distance of a pair of 
distant targets disposed in known positions. On a 
rod of known length and having a known vertical 
interval there-between, simultaneously photo 
graphing the visual intercept distance between 
the uppermost target and that of a plane coin 
cident with the line of sight of the photographing 
instrument, determining the values of the eleva 
tion and the distance in accordance with the 
following equations: 
Elevation difference equals H/iX R. 
Distance equals f/iXR, 
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8 
Wherein: 

H equals the interval or distance measured on 
the film from the Zero or instrument level line 
to the top target on the rod, 

i equals the intercept distance or interval inter 
cepted on the film between the fixed targets, 

R equals the actual or fixed target interval meas 
ured between the targets on the rod, 

f is the focal length of the lens of the camera. 
5. The method of surveying the elevations of 

a terrain Which consists of photographing the 
Visual intercept distance of a pair of distant 
targets having a known vertical interval there 
between, Simultaneously photographing the vis 
ual intercept distance between the uppermost 
target and a horizontal plane coincident with the 
line of sight of the photographic instrument. 

6. The method of Surveying the elevations of 
a terrain which consists of photographing from 
a Substantially level position the visual intercept 
distance of a pair of distant targets having a 
known vertical interval therebetween, simul 
taneously photographing the visual intercept dis 
tance between one of said targets and a hori 
Zontal plane passing through the line of sight of 
the photographing instrument. 

7. A method for surveying the elevations of a 
terrain which consists of photographing from a 
Substantially level position the visual intercept 
distance of a distant marked target having a 
known Spacing thereon, simultaneously photo 
graphing the visual intercept distance between 
the uppermost marking of the target and a hori 
Zontal plane coincident with the line of sigh 
of the photographing instrument. 

8. A method of Surveying the elevations of a 
terrain which consists of photographing from a 
Substantially horizontal plane the visual intercept 
distance of a pair of upper and lower distant tar 
gets having a known vertical interval therebe 
tWeen, Simultaneously photographing the visual 
intercept distance between the uppermost target 
and a horizontal plane passing through the line 
of Sight of the photographing instrument, simul 
taneously indicating onto the film the bearing 
indication of the distant position of the targets. 

9. An apparatus for Surveying elevations com 
prising a camera, having a sighting lens, means 
for leveling the camera in a substantially hori 
ZOntal line of Sight, a rod of known length, a 
plurality of distant targets in known positions 
On the rod in the line of sight of the lens and 
having a known vertical interval therebetween, a 
Scale having units of measure thereon provided 
in the camera and in alignment with the lens, 
Said Scale indicating on the photographed film 
the intercept interval between the targets rela 
tive to the distant position thereof, said scale 
Simultaneously indicating on the film the inter 
cept interval between a horizontal plane coin 
cident With the line of sight of the camera, and at 
least one of the targets at the distant position. 

10. An apparatus for determining the varia 
tions in elevation in a traverse terrain compris 
ing a camera, having a lens for sighting the ter 
rain in a Substantially horizontal plane, a rod 
of known length, a plurality of distant targets 
in known positions on the rod in the line of 
sight of the lens and having a known spaced dis 
tance therebetween, measure means provided in 
the camera and in alignment with the lens, said 
means adapted to indicate on the exposed film 
the intercept interval between the targets rela 
tive to the distant position thereof, said means 
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simultaneously indicating on the exposed film the 
intercept distance between at least one of the 
targets and a horizontal plane coincident With 
the line of sight of the camera. 

WILLIS. O. BAZHAW. 
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